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The Honorable George H.  Mahon 
Chairman, Committee on Appropr ia t ions  
House o f  Represen ta t ives  

Dear Mr. Chairman: .. 

We have reviewed t h e  two cos t  s t u d i e s  p e r t a i n i n g  t o  t h e  
F-15 a i r c r a f t  program as  r eques t ed  i n  your l e t t e r  of A p r i l  1 9 ,  
1973. The s t u d i e s  wefe (1) "F-15  Independent Pa rame t r i c  Cost 
Analys is  , * I  September 1 9 7 2 ,  by t h e  A i r  F o r c e ' s  Aeronau t i ca l  
Systems Div i s ion  (ASD) and ( 2 )  an  O f f i c e  of t h e  S e c r e t a r y  o f  
Defense (OSD) Cost Analys is  Improvement Group (CAIG) estimate 
of October  1 9 7 2 .  

SCOPE 

We looked i n t o  t h e  methodology, models,  d a t a ,  and assump- 
t i o n s  t h e  A i r  F o r c e  and C A I G  used i n  t h e i r  s t u d i e s  and i n  
developing t h e i r  c o s t  e s t i m a t e s  and t h e  c i rcumstances  sur round-  
ing  t h e  e s t i m a t e s '  p r e p a r a t i o n .  Where a p p r o p r i a t e ,  w e  have 
made some obse rva t ions  on t h e  procedures  fol lowed by t h e  two 
o r g a n i z a t i o n s .  A s  agreed  i n  d i s c u s s i o n s  w i t h  your  o f f i ce . ,  we 
d i d  n o t  a t tempt  t o  develop a s e p a r a t e  e s t i m a t e  o f  t h e  c o s t  o f  
t h e  program. 

We d i s c u s s e d  t h e s e  s t u d i e s  w i t h  t h e  s t a f f  of t h e  Deputy 
Direc tor  f o r  Resources and Ana lys i s ,  O S D ;  ASD;  t h e  System 
Program O f f i c e  (SPO); and Headquar te rs ,  A i r  Force Comptro l le r .  
We examined documents which t h e s e  o r g a n i z a t i o n s  and your  o f -  
f i c e  s u p p l i e d .  

PARAMETRIC ESTIMATING 

Paramet r i c  e s t i m a t e s  a r e  developed by d i v i d i n g  t h e  s y s -  
tem under  s tudy  i n t o  a s e t  of e lements  and r e l a t i n g  t h e  c o s t  
o f - e a c h  element t o  a se t  of c h a r a c t e r i s t i c s ;  f o r  example, t h e  
c o s t  of  an engine t o  t h e  t h r u s t  produced by t h e  engine .  The 
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b a s i c  premise of  t h i s  procedure  i s  t h a t  c o s t s  a r e  r e l a t e d  i n  
an approximate b u t  q u a n t i f i a b l e  way t o  p h y s i c a l  and perform- 
ance c h a r a c t e r i s t i c s .  The p a r a m e t r i c  t echn ique  r e l i e s  h e a v i l y  
upon t h e  use  of d a t a  f rom p rev ious  programs f o r  s i m i l a r  equip-  
ment. When adequate  d e t a i l e d  d a t a  i s  n o t  a v a i l a b l e ,  a n  e s t i -  
mator must r e l y  on assumptions and pe rcen tage  f a c t o r i n g .  

Pa rame t r i c  e s t i m a t i n g  u s e s  s t a t i s t i c a l  t echn iques  t o  
develop a r e l a t i o n s h i p  of cost  t o  system c h a r a c t e r i s t i c s ,  
and t h e s e  e s t i m a t e s  are s u b j e c t  t o  s t a t i s t i c a l  e r r o r s  which 
can  normally be a s  high a s  33 p e r c e n t .  E r r o r s  can a l s o  occu'l' 
i n  p a r a m e t r i c  e s t i m a t e s  i f  an i n a c c u r a t e  o r  i n a p p r o p r i a t e  d a t a  
base  i s  used o r  i f  t h e  r e q u i r e d  mathematical  f a c t o r s  a r e  m i s -  
e s t ima ted  . 

P r i o r  t o  t h e  a v a i l a b i l i t y  of a c t u a l  d a t a  on t h e  cos t  of 
manufacture  it i s  u s u a l l y  imposs ib le  t o  i d e n t i f y  t h e  s i z e  of an  
e r r o r  i n  an e s t i m a t e .  The re fo re  it i s  e s s e n t i a l  t o  e v a l u a t e  
t h e  r easonab leness  of an e s t i m a t e  i n  l i g h t  o f  t h e  model, d a t a  
base , and assumptions employed. Consequently,  it i s  impor t an t  
t o  r e a l i z e  t h a t  one e s t i m a t e  cannot  e s t a b l i s h  t h a t  a n o t h e r  i s  . 

r i g h t  o r  wrong. 

We p r e v i o u s l y  recommended t h a t  c o s t  e s t i m a t e s  be p r e -  
s e n t e d  i n  ranges  r a t h e r  t h a n  as a s p e c i f i c  f i g u r e . '  
Government Procurement Commission's r e c e n t  r e p o r t  on a c q u i s i -  
t i o n  of major systems a l s o  recommended t h a t  program c o s t s  be 
e s t i m a t e d  w i t h i n  a p robab le  range u n t i l  t h e  system reaches  
t h e  f i n a l  development phase.  

The. 

2 

DOD adopt ion  of p a r a m e t r i c  c o s t  e s t i m a t i n g  t echn iques  

On December 7 ,  1 9 7 1 ,  t h e  Deputy S e c r e t a r y  of Defense 
i s s u e d  a memorandum t o  t h e  S e c r e t a r i e s  of t h e  m i l i t a r y  

'"Cost Growth i n  Major Weapon Systen;." (B-163058, Mar, 26, 
1973).  

2 t fRepor t  o f  t h e  Commission on Government Procurement ,I' Vol. 2 ,  
p a r t  C, December 1 9 7 2 .  
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departments  which d i r e c t e d  t h a t  an independent  p a r a m e t r i c  
c o s t  a n a l y s i s  be i n c o r p o r a t e d  i n t o  each p r e s e n t a t i o n  t o  t h e  
Defense System A c q u i s i t i o n  Review Counci l  (DSARC). H e  f e l t  
t h a t  such e s t i m a t e s  would s e r v e  an impor tan t  f u n c t i o n  du r ing  
concept formula t ion  and a t  t h e  t ime t h e  Department o f  Defense 
(DOD) makes i t s  major commitment of  funds f o r  development and 
i n i t i a l  p roduc t ion .  I n  January  1 9 7 2 ,  t h e  S e c r e t a r y  of Defense 
e s t a b l i s h e d  C A I G  t o  review t h e  S e r v i c e s '  e s t i m a t e s  and t o  de- 
ve lop  uniform p a r a m e t r i c  cost  e s t i m a t i n g  c r i t e r i a  f o r  DOD 
u n i t s .  h 

The A i r  Force implemented t h e  Deputy S e c r e t a r y  of De- 
f e n s e ' s  i n s t r u c t i o n s  on February 1 7 ,  1 9 7 2 ,  by d i r e c t i n g  i t s  
A i r  Force System Command (AFSC) t o  perform independent  p a r a -  
m e t r i c  c o s t  a n a l y s i s  t o  suppor t  DSARC review. The F-15 was 
one of  t h e  f i r s t  programs t o  undergo t h i s  type  of review. 

PURPOSE OF ASD AND C A I G  F-15 ESTIMATES 

I n  September 1 9 7 2  t h e  F - 1 5  a c q u i s i t i o n  program was i n  
t h e  f u l l - s c a l e  development phase when the  ASD p a r a m e t r i c  
a n a l y s i s  was performed. The a n a l y s i s  was t o  a s s i s t  DSARC i n  
dec id ing  i n  October 1 9 7 2  whether  t o  a u t h o r i z e  procurement ,of 
long  l e a d  items f o r  p roduc t ion  a i r c r a f t .  C A I G  reviewed t h e  
ASD e s t i m a t e  and p repa red  i t s  own. The two c o s t  ana lyses  
were cons ide red  aga in  a t  a DSARC meeting i n  February 1973 when 
procurement of t h e  f i r s t  p roduc t ion  a i r c r a f t  was a u t h o r i z e d .  

A I R  FORCE INDEPENDENT COST ESTIMATE 

The "F-15 Independent Pa rame t r i c  Cost Analysis"  was com- 
p l e t e d  i n  September 1 9 7 2  by ASD. ASD a n a l y s t s  claimed they 
c o n t a c t e d  SPO on ly  t o  o b t a i n  b a s i c  i n fo rma t ion  and SPO d i d  
n o t  a t tempt  t o  i n f l u e n c e  t h e  outcome o f  t h e  s tudy .  

The p a r a m e t r i c  a n a l y s i s  was accomplished only  f o r  t h e  
procurement p o r t i o n  of  t h e  program. ASD adopted t h e  S e l e c t e d  'a 

A c q u i s i t i o n  Reports (SAR) e s t i m a t e  f o r  r e s e a r c h ,  development, 
t e s t  and e v a l u a t i o n  (RDTGE) r a t h e r  t han  computing a s e p a r a t e  
e s t i m a t e  because t h e  DSARC meeting was scheduled f o r  p roduc t ion  
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dec i s ions  and 96 percent  o f  t h e  RDTGE c o s t  had been programed 
through f i s c a l  year  1 9 7 4  and was assumed t o  be  reasonably 
i n d i c a t i v e  o f  t h e  development c o s t .  

The procurement es t imate  was prepared using models 
developed f o r  determining c o s t s  o f  t h e  major segments o f  t h e  
weapon system; i . e . ,  a i r f rame,  engine, and av ion ic s .  .The arma- 
ment es t imate  used d a t a  from the  manufacturer ' s  June 3 0 ,  1 9 7 2 ,  
Y o s  t Information Report" and the  " A i r  Force C o s t  Performance 
Report .I* Contractual  u n i t  cos t s ,  engineering es t imates ,  A i r  
Force experience,  and percentage f a c t o r s  were used f o r  t r a i n -  
ing equipment. Ground support  c o s t  was judgmental and was 
est imated a f t e r  d i scuss ion  with t e c h n i c a l  personnel .  

** 

Three es t imates  o f  t he  expected procurement c o s t  i n  
acqui r ing  t h e  planned 729 production a i r c r a f t  were developed-- 
a d i f f e r e n t  source o f  a i r f rame da ta  was used f o r  each es t imate .  
Case I1 was developed by using recorded d a t a  from t h e  exper i -  
ence pf t he  c o n t r a c t o r  (blcDonnel1 Douglas Corporation) i n  a i r -  
c r a f t  manufacturing and was A S D ' s  p r e f e r r e d  es t imate  f o r  t h a t  
reason. 

ASD C o s t  Estimates 

Case I Case I1 Case I11 

( 0 0 0 , 0 0 0  omitted) 

Procurement c o s t  $ 6 , 2 6 6  $6,334 $6,230 
SAR RGD cos t  (note  a )  1 , 7 5 4  1 , 7 5 4  1 , 7 5 4 .  

Total  program c o s t  
(no te  a )  $ 8 , 0 2 0  $ 8 , 0 8 8  $ 7 , 9 8 4  

aDoes no t  include $ 2 4 4  m i l l i o n  component improvement c o s t  f o r  1 ,  

t h e  . engine. 1 

C A I G  RgPORT AND COST ESTIMATE 

CAIG was b r i e f e d  on t h e  A i r  Force ' s  independent parametr ic  
. a n a l y s i s  and commented'to DSARC i n  October 1 9 7 2 .  A t  t h a t  time 

4 



. .  

I 

B-168664 

CAIG also completed and submitted a.separate study for the 
pro'gram which included development and procurement estimates. 
This study did not assume the SAR development cost estimate 
as ASD had. 

A summary comparison of the CAIG study with the ASD 
parametric estimate follows; for comparison, we have in- 
cluded some data in the schedule and on pages 14 and 15 
on the current SAR estimates. 

Comparison,-of ASD and CAIG Estimates 

ASD CAIG-ASD June 30, 
case I1 CAIG difference 1972, SAR 

(000,000 omitted) 

Development "$1,754 $2,064 + $  310 $1,754 
Procurement:. 

Airframe 2,238 2 , 744 + 506 2,080 
Propulsion b1,555 '1,988 + 433 bl , 439 
Avionics and 
Armament 1,420 1,606 186 1,422 

Support and 
Spares 1,121 1 , 324 + 203 1,107' 

b$8,088 c$9,726 +$1,638 b$7,802 

aSAR estimate used. 

bDoes not include $244 million engine component improvement 
cost. programed by SPO. 

CIncludes $311 million component improvement cost and engi- 
neering effort. 

5 



B-168664 

EXPLANATION OF DIFFERENCES 
I N  -CAIG-ASD ESTIMATES 

The d i f f e r e n c e  between A S D ' s  and C A I G ' s  e s t i m a t e d  t o t a l  
program c o s t s  i s  $1,638 m i l l i o n .  There i s  a l s o  a $ 1 , 9 2 4  m i l -  
l i o n  d i f f e r e n c e  between t h e  CAIG estimate and t h e  SAR e s t i m a t e  
o f  June  30, 1 9 7 2 .  The d i f f e r e n c e  i n  both  i n s t a n c e s  i s  due i n  
p a r t  t o  t h e  A i r  Fo rce ' s  n o t  including-component improvement 
c o s t  i n  i t s  e s t i m a t e  wh i l e  C A I G  e s t ima ted  t h a t  c o s t  a t  
$311 m i l l i o n  and inc luded  i t  i n  i t s  e s t i m a t e .  

Develoument c o s t .  $ 3 1 ~ * m i l l i o n  

The C A I G  e s t i m a t e  f o r  a i r c r a f t  development i s  $310 m i l -  
l i o n  h i g h e r  t han  A S D ' s  e s t i m a t e .  
i l l u s t r a t e s  how d i f f e r e n t  assumptions by e s t i m a t o r s  can  l e a d  
t o  s i g n i f i c a n t  v a r i a n c e s  in  t h e  ana lyses .  

The d i f f e r e n c e  i n  e s t i m a t e s  

ASD d i d  n o t  develop an est i .mate  of development c o s t  b u t  
i n s t e a d  adopted t h e  SAR e s t i m a t e  on t h e  b a s i s  t h a t  9 6  p e r c e n t  

- o f  t h e  RDTEE cos t ' k i a s  been programed through f i s c a l  y e a r  1 9 7 4 .  
However, on ly  54 p e r c e n t  of  t h e  RDTGE funds had a c t u a l l y  been 
spent  when ASD made t h e  e s t i m a t e .  There were s t i l l  u n c e r t a i n -  
t i e s  about  development because t h e  engine  had n o t  been approved 
f o r  p roduc t ion ,  t h e  one RDTGE a i r c r a f t  manufactured had j k t  be-  
gun f l i g h t  t e s t s ,  and most o f  t h e  f l i g h t  t e s t  program and major 
subsystem ( a v i o n i c s  and armament) i n t e g r a t i o n  l a y  ahead. 

CAIG c r i t i c i z e d  t h e  ASD adop t ion  o f  t h e  'SAR develop'ment 
e s t i m a t e  and p o i n t e d  o u t  t h a t  ASD had assumed t h a t  t h e  SAR 
development e s t i m a t e  inc luded  a l l  nonrecu r r ing  c o s t s  excep t  
$32 m i l l i o n  f o r  t o o l i n g .  
r e c u r r i n g  c o s t s  occur  du r ing  development because s i z a b l e  c o s t s  
f o r  t o o l i n g  and eng inee r ing  occur  du r ing  p roduc t ion  and a r e  1 

p r o r a t e d  over  t h e  e a r l y  p roduc t ion  u n i t s .  

C A I G  b e l i e v e d  t h a t  n o t  a l l  non- 

The ASD assumption was based on i t s  op in ion  t h a t  t h e  F - 1 5  
program i s  s t r u c t u r e d  d i f f e r e n t l y  than  p rev ious  a i r c r a f t  de-  

.velopment and p roduc t ion  programs. 
'would s i g n i f i c a n t l y  reduce t h e  amount o f  nonrecu r r ing  c o s t s  

P r a c t i c e s  c i t e d  which 
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dur ing  p roduc t ion  were t h e  "hardware" demonstrat ion concept , 
comprehensive p r o t o t y p i n g  of major subsystems,  f l i g h t  t e s t i n g  
b e f o r e  procurement commitment, and predominately "ha rd - too l ing"  
du r ing  t h e  development phase.  

A t  t h i s  time w e  a r e  unable  t o  determine which o f  t h e  
assumptions i s  more n e a r l y  c o r r e c t .  However, i t  i s  l i k e l y  
t h a t  some nonrecur r ing  c o s t s  can be expec ted  l a t e r  i n  t h e  p ro -  
gram. .. 

Procurement cos t  e s t i m a t e s  

Airframe,  $506 m i l l i o n  

The $506 m i l l i o n  h i g h e r  C A I G  e s t i m a t e  f o r  a i r f r ame  costs  
accounts  f o r  about 37 p e r c e n t  of t h e  procurement c o s t  v a r i a n c e  
i n  t h e  two s t u d i e s .  ASD p r e s e n t e d  t h r e e  p a r a m e t r i c  e s t i m a t e s  
of a i r f r ame  cos t  i n  i t s  s tudy ,  one of which (case  11)  was des-  
i g n a t e d  a s  t h e  p r e f e r r e d  e s t i m a t e .  I t  was based upon c o s t  
d a t a  f r o m  two p rev ious  McDonnell Douglas f i g h t e r  a i r c r a f t  p ro -  
grams, t h e  F - 1 0 1  and F - 4 .  Es t ima to r s  made maximum use  of t h e  
company's expe r i ence  i n  terms o f  man-hour requi rements  , l e a r n -  
i ng  cu rves ,  and l a b o r  r a t e s .  The p r e f e r r e d  a i r f r a m e  e s t i m a t e  
was t h e  h i g h e s t  of t h e  t h r e e  ASD e s t i m a t e s  exceeding t h e  SAR 
e s t i m a t e  by about  7 p e r c e n t .  

- _ .  

The C A I G  a i r f r a m e  e s t i m a t e  was p repa red  u s i n g  a RAND 
Corpora t ion  model w i th  a d a t a  base of 2 9  a s s o r t e d  types  of 
m i l i t a r y  a i r c r a f t ,  i n c l u d i n g :  j e t  f i g h t e r s  of v a r i o u s  ages ,  
j e t  bombers, j e t  tu rboprop  t r a n s p o r t s ,  and p i s t o n  engine  t r a n -  
p o r t s .  Due t o  d i f f e r e n t  d a t a  bases  t h a t  were used ,  t h e  ASD 
e s t i m a t e  p r o j e c t s  t h a t  a i r f r a m e  u n i t  c o s t s  w i l l  reduce f a s t e r  
w i t h  q u a n t i t y  than  t h e  C A I G  s tudy  does (a more f a v o r a b l e  l e a r n -  
i ng  cu rve ) .  Th i s  d i f f e r e n c e  a c w i * n t s  f o r  $113 m i l l i o n  of  t h e  
t o t a l  d i f f e r e n c e  i n  a i r f r a m e  c o s t s .  

The s e l e c t i o n  o f  a i r c r a f t  f o r  a d a t a  base  and t h e  cho ice  
o f  key parameters  i s  determined by t h e  e s t i m a t o r ' s  judgment. 
CAIG chose t o  use 29  a i r c r a f t  going back a number of y e a r s  t o  
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p rov ide  a wide sp read  i n  a i r c r a f t  c h a r a c t e r i s t i c s .  ASD op ted  
f o r  two, bo th  McDonnell b u i l t  f i g h t e r s ,  b e l i e v i n g  t h i s  cho ice  
more r e a l i s t i c .  The d i f f e r e n c e  i n  d o l l a r  v a l u e  between t h e s e  

. cho ices  i s  n o t  r e a d i l y  determined. 

A $100  m i l l i o n  d i f f e r e n c e  occur red  because ASD c a l c u l a t e d  
t h e  m a t e r i a l  c o s t  a t  $57 p e r  pound o f  a i r c r a f t  weight  a s  op- 
posed t o  a $ 6 7  t o  $69  p e r  pound range'used by C A I G .  

A $138 m i l l i o n  d i f f e r e n c e  i n  t h e  a i r f r ame  cost  e s t i m a t e s  
i s  p r i m a r i l y  due t o  di+ferences i n  assumptions over  t h e  e x t e n t  
t o  which t h e  c o s t  of nonrecur r ing  eng inee r ing  i s  completed a t  
t h e  end of t h e  development phase.  

The remaining d i f f e r e n c e  i n  a i r f r ame  c o s t  appears  t o  be 
due t o  f a c t o r s  used t o  e s t i m a t e  t h e  h i g h e r  c o s t  of u s ing  t i t a -  

. nium i n  p l a c e  of aluminum and d i f f e r e n c e s  i n  t h e  models. 

The RAND Corpora t ion  r e p o r t  on p a r a m e t r i c  e s t i m a t i n g  from ' '  

which t h e  C A I G  chose i t s  airframe model p o i n t s  o u t  t h a t  g r e a t e r  
e s t i m a t i n g  u n c e r t a i n t y  occurs  when t h e  c o s t  models a r e  a p p l i e d  
t o  a i r c r a f t  whose technology o r  performance l i e s  o u t s i d e  of  t h e  
sample d a t a  base.  Cons iderable  new technology i s  be ing  i n c o r -  
po ra t ed  i n t o  the  F-15; f o r  example, g r e a t e r  use  o f  t i t a n i u m  
m a t e r i a l ,  which p l a c e s  i t  o u t s i d e  t h e  sample. To compensate 
f o r  t h i s ,  C A I G  used a c o r r e c t i o n  f a c t o r  developed o u t s i d e  t h e  
airframe d a t a  base  u s i n g  SR-71 a i r c r a f t  exper ience .  

P ropu l s ion ,  $433 m i l l i o n  

C A I G ' s  e s t i m a t e d  engine  procurement c o s t  was $189 m i l l i o n  
h ighe r  t han  ASD's e s t i m a t e .  T h i s ,  t o g e t h e r  w i t h  a $ 2 4 4  m i l l i o n  
component improvement c o s t ,  n o t  inc'.A-led i n  t h e  ASD e s t i m a t e ,  
r e s u l t e d  i n  a t o t a l  d i f f e r e n c e  o f  $4" m i l l i o n .  ASD and C A I G  
used t h e  same d a t a  base o f  3 0  d i f fe re- . ; :  gas t u r b i n e  engines  f o r  
t h e i r  e s t i m a t e s .  Two s l i g h t l y  d i f f e r e n t  v e r s i o n s  of t h e  RAND 
Corpora t ion  engine  p a r a m e t r i c  e s t i m a t i n g  models were employed, 
a l though C A I G ' s  v e r s i o n ' h a d  more parameters .  The s t a n d a r d  
error o f  e s t i m a t i o n  f o r  t h e  two models was n e a r l y  t h e  same but  
ASD's v e r s i o n  had s l i g h t l y  smal1e.r e r r o r s  and gave a lower 
cost  f o r  the  engine.  

8 
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C A I G  c r i t i c i z e d  ASD's engine  e s t i m a t e  because i t  d i d  n o t  
p r o v i d e  f o r  product  improvement and development c o s t  a f t e r  
t h e  engine  passed i t s  M i l i t a r y  Q u a l i f i c a t i o n  T e s t  (MQT). ASD 
assumed t h a t  engine exper ience  w i l l  remain r e l a t i v e l y  f i x e d  
and r e q u i r e  l e s s  eng inee r ing  fo l lowing  MQT. C A I G  s t a t e d  t h a t  
expe r i ence  shows over  o n e - t h i r d  of engine  development occurs  
a f t e r  MQT and ASD's e s t i m a t e  should  have inc luded  about  
$ 2 4 4  m i l l i o n  ( i d e n t i f i e d  i n  SAR) f o r  engine p roduc t  improve- 
ment. C A I G  e s t i m a t e d  f u t u r e  engine  p-roduct improvement c o s t s  
a t  $311 m i l l i o n .  

Avionics  and armament, $186 m i l l i o n  

The C A I G  procurement e s t i m a t e  i s  $186 m i l l i o n  h i g h e r  t h a n  
t h e  ASD e s t i m a t e .  ASD, a f t e r  running t e s t s  t o  v a l i d a t e  i t s  

'performance, used a d e t a i l e d  a v i o n i c s  pa rame t r i c  c o s t  model 
developed by t h e  Radio Corpora t ion  of  America. The CAIG e s t i -  
mate i s  based on a c o s t  p e r  pound b a s i s  u s i n g  F - 1 1 i A  a i r c r a f t  
f i r e  c o n t r o l ,  Mark I1 a v i o n i c s  equipment c o s t  expe r i ence ,  and 

a i r c r a f t .  C A I G  r e p r e s e n t a t i v e s  in t ended  t o  r e f i n e  t h e i r  
a v i o n i c s  e s t i m a t e  because they  lacked  conf idence  i n  i t .  

c o s t  exper ience  f o r  a v i o n i c s  i n s t a l l e d  i n  , o t h e r  modern f i g h t e r  - b1 

ASD based  i t s  armament e s t i m a t e  on d a t a  i n  t h e  June 1 9 7 2  
"Cost In fo rma t ion  Report" and "Cost Performance Report." . C A I G  
accep ted  t h i s  e s t i m a t e  wi thou t  change. 

Suppor t  and Spa res ,  $ 2 0 3  m i l l i o n  

ASD e s t i m a t e s  f o r  aerospace  ground equipment and t r a i n -  
i n g  equipment were based on e x i s t i n g  d e t a i l e d  p l a n s  from t h e  
F-15  program o f f i c e .  Estimates were i n c r e a s e d  by c e r t a i n  p e r -  
c e n t a g e s  t o  account  f o r  items n o t  y e t  i d e n t i f i e d  and f o r  a n t i c i -  
p a t e d  eng inee r ing  change o r d e r s .  '*-?res c o s t  were e s t i m a t e d  by 
t a k i n g  f i x e d  pe rcen tages  o f  t h e  prol:----ement c o s t  o f  t h e  sup-  
p o r t e d  element .  CAIG e s t i m a t e d  hight _ .  procurement c o s t s  f o r  

p o r t  and s p a r e s  t o  t h i s  h i g h e r  amount r e s u l t e d  i n  t h e  $ 2 0 3  m i l -  

+ S 

E 3 - =  t h e  t o t a l  program. The a p p l i c a t i o n  o r  s t a n d a r d  f a c t o r s  f o r  sup-  

- C L  l i o n  v a r i a n c e  between t h e  two e s t i m a t e s .  E- 

3% 

- &  
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COMMENTS ON ESTIMATES 

Genera l ly  ASD and C A I G  used reasonable  assumptions and 
methodology i n  developing t h e i r  p a r a m e t r i c  cos t  e s t i m a t e s .  
We f e e l  improvements can be made t o  c e r t a i n  components of each 
e s t i m a t e  and some agreement i s  needed. They i n c l u d e :  

1. ASD's independent ly  a s s e s s i n g  RDTGE c o s t  i n s t e a d  of 
assuming t h e  SAR e s t i m a t e .  There i s  s u f f i c i e n t  d i f -  
f e r e n c e  between t h e  prograzned amount and t h e  completed 
amount of RDTGE t o  cha l l enge  t h e  assumption t h a t  t h e  
development program i s  f a r  enough along t o  p r e c l u d e  any 
c o s t  growth. 

cr 

2 .  Resolving t h e  b a s i c  a i r f r ame  weight  of t h e  a i r c r a f t  
used as d a t a  sources .  There i s  a d i f f e r e n c e  of opin-  
i o n  a s  t o  whether a l l  t h e  weight and c o s t  o f  c o n t r a c t o r -  
f u r n i s h e d  e l e c t r o n i c s  equipment was removed from t h e  
a i r f r ame  weight t o  o b t a i n  t h e  b a s i c  weight and c o s t .  
This  d i screpancy  a f f e c t s  n o t  on ly  e s t i m a t e s  of a i r f r ame  
m a t e r i a l  costs ,  bu t  a l l  a i r f r ame  cos t s ,  and many r e -  
l a t e d  cos ts  p r o p o r t i o n a l  t o  a i r f r ame  c o s t s  (e .g .  
i n f l a t i o n  ) 

3.  CAIG's r e v i s i n g  t h e  t i t a n i u m  c o r r e c t i o n  f a c t o r  and t h e  
a v i o n i c s  e s t i m a t e .  C A I G  has  new cos t  d a t a  from t h e  
development of t h e  Navy F - 1 4 ,  an a i r c r a f t  which i s  
c l o s e  t o  t h e  F-15 i n  t i t a n i u m  c o n t e n t .  C A I G  r e F o r t e d  
us ing  i t  t o g e t h e r  w i t h  new d a t a  ob ta ined  from McDonnell 
Douglas i n  reviewing t h e i r  c o s t  e s t i m a t e .  C A I G  a l s o  
i s  n o t  s a t i s f i e d  wi th  t h e i r  a v i o n i c s  methodology and 
i s  looking  f o r  an a l t e r n a t i v e .  

4 .  Agreeing on t h e  b a s i c  engine c h a r a c t e r i s t i c  v a l u e s .  
( e . g . ,  t h r u s t ,  t u r b i n e  i n l e t  t empera ture)  t h a t  w i l l  
be used i n  t h e  parametr i .c  engine model. P ropu l s ion  
e s t i m a t e s  w i l l  s t i l l  d i f f e r ,  however, because of t h e  
d i f f e r e n t  models used. 

The only  impor tan t  d i f f e r e n c e s  between t h e  C A I G  and ASD e's- 
t i m a t e s  n o t  a f f e c t e d  b y  t h e s e  needed improvements and agreements 
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are t h e  l e a r n i n g  r a t e s  f o r  a i r f r ame  p roduc t ion .  Learning r a t e  
d i f f e r e n c e s  a r e  due t o  d i s p a r a t e  a i r c r a f t  d a t a  b a s e s ,  and un- 
less one changes t o  t h e  o t h e r ' s  base ,  t h i s  d i f f e r e n c e  w i l l  
remain. Though t h e  ASD d a t a  base  may appear  t o  be more c l o s e l y  
r e l a t e d  t o  f i g h t e r  a i r c r a f t  and draws upon t h e  expe r i ence  of 
McDonnell Douglas, t h e r e  i s  no assurance  t h a t  i t  i s  b e t t e r  
t han  RAND'S base ,  

.. 
I t  i s  l i k e l y  t h a t  if rede termined ,  t h e  r e v i s e d  A i r  Force 

and C A I G  e s t i m a t e s  w i l l  aga in  exceed t h e  SAR e s t i m a t e  of 
June 3 0 ,  1 9 7 2 .  The Development Concept Papers  t h r e s h o l d  c o s t s  
a r e  about 1 7  percentc-above t h e  SAR c o s t .  
and i n f l a t i o n  u n c e r t a i n t i e s  i d e n t i f i e d  i n  t h e  r i s k  a n a l y s i s  
p o r t i o n  of t h e  p a r a m e t r i c  s tudy  and t h e  2 0  t o  33 p e r c e n t  

. s t a t i s t i c a l  u n c e r t a i n t i e s  i n  t h e  p a r a m e t r i c  e s t i m a t e s ,  t h e r e  
i s  a d i s t i n c t  p o s s i b i l i t y  t h a t  t h e  Development Concept Papers  
t h r e s h o l d  c o s t s  w i l l  be reached  sometime dur ing  t h e  l i f e  o f  
t h e  program. 

I n  view of overhead 

DSARC r e a c t i o n  t o  t h e  c o s t  e s t i m a t e s  

The ASD "F-15  Independent Pa rame t r i c  Cost Analysis ' '  was 
prepared  f o r  submission t o  DSARC a t  a meet ing h e l d  i n  Octo- 
b e r  1 9 7 2 .  C A I G  was b r i e f e d  on t h i s  a n a l y s i s  approximately a 
week b e f o r e  t h e  meeting and p repa red  a c o s t  e s t i m a t e  f o r  sub- 
miss ion  t o  DSARC. Desp i t e  t h e  $1,638 m i l l i o n  d i f f e r e n c e  
between t h e  ASD and CAIG e s t i m a t e s  i n  program c o s t ,  DSARC 
expressed  l i t t l e  concern a t  t h a t  t ime.  

Before a DSARC meeting on February 1 5 ,  1973, t h e  Chairman 
of C A I G  s a i d  " *  * * t h e r e  i s  no c o s t  i s s u e  a t  t h e  February 1 5  
DSARC." The DSARC d e c i s i o n  t o  b e  made a t  t h e  meeting was 
desc r ibed  a s  concerned s p e c i f i c a l l y  w i t h  p r o d u c t i o n  of t h e  
f i r s t  wing of 1 0 7  a i r c r a f t  and "h ; -her  t h e  A i r  Force indepen-  
den t  n o r  t h e  C A I G  e s t i m a t e s  t h a t  a: Ira1 c o s t s  w i l l  exceed t h e  

t h a t  a c o s t  i s s u e  may a r i s e  a t  succeeding F-15 DSARCs (dur ing  
CY 1974) i n  which subsequent  buys a r e  cons idered ."  

4- 2% 
.= E a  CT 

- L  2 0  c e i l i n g . "  The C A I G  Chairman s a i d ,  . - T t  i s  p o s s i b l e ,  however, 
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Following t h e  February 1 9 7 3  DSARC meet ing,  t h e  Deputy 
S e c r e t a r y  of Defense d i r e c t e d  t h e  A i r  Force and CAIG t o  up- 
d a t e  t h e i r  October 1 9 7 2  F - 1 5  t o t a l  'program c o s t  ana lyses  and 
r e p o r t  t h e i r  f i n d i n g s  t o  t h e  Chairman of DSARC by June 3 0 ,  

, 1973 .  The Comptrol ler  of  t he  A i r  Force o f f i c e  advised  us i n  
June t h a t  ASD and CAIG had coord ina ted  e f f o r t s  and were up- 
d a t i n g  t h e i r  e s t i m a t e s .  The updated e s t i m a t e s  were p r e s e n t e d  
t o  DSARC on August 1 4 ,  1 9 7 3 .  DSARC d i r e c t e d  f u r t h e r  s t u d y  
w i t h  t h e  r e s u l t s  t o  be p r e s e n t e d  t o  QSARC i n  approximately 
t h r e e  weeks. 

Need f o r  c o s t  a n a l y s i s  
e- 

I n  a p r e v i o u s  r e p o r t '  t o  t h e  Congress we p o i n t e d  ou t  t h a t  
r e a l i s t i c  c o s t  e s t i m a t i n g  i s  i n d i s p e n s a b l e  t o  bo th  t h e  Congress 
and agency management f o r  s e l e c t i n g  and e v a l u a t i n g  a new weapon 
system and f o r  c o s t  c o n t r o l  dur ing  a sys tem's  a c q u i s i t i o n  
proce5s .  While reviewing 47  weapon system a c q u i s i t i o n s ,  w e  
determined t h a t  $ 6 . 7  b i l l i o n ,  o r  4 3  p e r c e n t  of  t h e  c o s t  growth 
which had occurred  from development e s t i m a t e s  t o  c u r r e n t  e s t i -  
mates, was c l a s s i f i e d  i n  t h e  "e s t ima t ing  changes" ca tegory .  * - ., 1 

We recommended t h a t  t h e  S e c r e t a r y  of Defense develop and imple- . - .  
ment DOD-wide guidance necessa ry  t o  p rov ide  a b a s i s  f o r  a d i s -  
c i p l i n e d  c o s t  e s t i m a t i n g  p rocess .  C i t ed  as p a r t i c u l a r l y  
impor tan t  was an independent  review o f  c o s t  e s t i m a t e s ,  i n c l u d -  
i n g  judgments by top  o f f i c i a l s  on t h e  need f o r  realism i n  t h e  
c o s t  e s t i m a t e s  used i n  making major d e c i s i o n s .  

The A s s i s t a n t  S e c r e t a r y  of Defense f o r  Sys tems A n a l y s i s 2  
s a i d  t h e  Deputy S e c r e t a r y  of  Defense had i s s u e d  a memorandum 
r e q u i r i n g  t h e  S e r v i c e s  t o  p r e p a r e  an independent  p a r a m e t r i c  
e s t i m a t e  p r i o r  t o  t h e  convening of  t h e  DSARC. F u r t h e r ,  t h e  
A s s i s t a n t  S e c r e t a r y  of Defense f o r  Systems Analys is  was t o  i n -  
s u r e '  t h a t  t h e s e  e s t i m a t e s  were p r o p e r l y  reviewed and eva lua ted .  

1 

'"Theory and P r a c t i c e  of C o s t  Es t ima t ing  f o r  Major Acquis i -  
t i o n s "  (B-163058 ,  J u l x  2 4 ,  1 9 7 2 ) .  

2Since  r edes igna ted  D i r e c t o r  o f  Defense Program Ana lys i s  and 
Eva lua t ion .  
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I n f l a t i o n  and c o s t  rrrowth 

I 

I 

I 

We d i d  n o t  review t h e  ASD and C A I G  e s t i m a t e s  t o  de te rmine  
i f  t h e i r  i n f l a t i o n  f a c t o r s  fol lowed t h e  O f f i c e  o f  Management 
and Budget and OSD Comptrol ler  g u i d e l i n e s .  However, we were 
informed t h a t  DOD guidance' s t a t e s  t h a t  e s t i m a t e s  f o r  weapon 
systems w i l l  r e f l e c t  a n t i c i p a t e d  p r i c e  changes based on spe-  
c i f i c  d a t a ,  when a v a i l a b l e .  h l e n  s p e c i f i c  d a t a  a r e  n o t  
a v a i l a b l e  p r i c e  i n c r e a s e s  w i l l  be determined on t h e  b a s i s  
of p r i c e  l e v e l  indexes.  ASD s a i d  i t  used t h i s  approach 
i n  i t s  independent  e s t i m a t e .  ASD used F-15 l a b o r  r a t e s  f o r  
t h e  a i r f r a m e  through 1976  and 5 -pe rcen t  in f  Lation t h e r e a f t e r .  
Varying i n f l a t i o n  f a c t o r s  were used  f o r  t h e  o t h e r  components; 
i . e . ,  eng ine ,  4 p e r c e n t  and a v i o n i c s ,  5 p e r c e n t .  The s p e c i f i c  
f a c t o r s  used a r e  taken  f rom "Cos t  Research Report No. 1 1 0 " 2  
which c o n t a i n s  t h e  o f f i c i a l  numbers t o  be used  by XSD, i n c l u d i n g  
SPO's and t h e  independent  c o s t  e s t i m a t e s .  

C A I G  informed us t h a t  i t  used  t h e  Air Force i n f l a t i o n  
f a c t o r s  i n  t h e  aggrega te .  

SAR COST ESTI?*LZTE 

We reviewed t h e  methodology, assumptions , and d a t a  used 
i n  p r e p a r i n g  t h e  S.4R e s t i m a t e  ( p .  5) by i n t e r v i e x i n g  F-15:SPO 
o f f i c i a l s  and examining c o n t r a c t s ,  p r o p o s a l s ,  and o t h e r  dccu-  
menta t ion  provided  by SPO. We a t tempted  t o  determine t h e  
b a s i s  f o r  t h e  c u r r e n t  SAR e s t i m a t e  of  June  3 0 ,  1 9 7 2 .  Although 
we examined program c o s t  e s t i m a t e s ,  our review d i d  n o t  i n c l u d e  
v e r i f i c a t i o n  of t h e  accuracy of suppor t  d a t a  f o r  a l l  e s t i m a t e s .  

SAR development e s t i m a t e  

The June 3 0 ,  1 9 7 2 ,  c u r r e n t  e s t i m a t e  was $ 1 , 7 5 3 . 7  m i l l i o n ,  
This  e s t i m a t e  was based p r i m a r i l y  on (1) c o n t r a c t  p r i c e s  

'"DOD Budget Manual 7110~-1 -X,"  August 1 9 7 2 .  

'Cost  Research Repor t  No. 1 1 0 ,  " H i s t o r i c a l  and Forecas ted  
Aeronau t i ca l  Cost  I z d i c e s  ," Cost A n a l y s i s  D i i . .  , >.SD Coxp- 
t r o l l e r ,  January  197'2. 

1 3  



". 
' B-168664 

, I .  1 

n e g o t i a t e d  w i t h  t h e  a i r f r ame  and engine c o n t r a c t o r s ,  ( 2 )  
completed c o n t r a c t s  f o r  t h e  conceptua l  and d e f i n i t i o n  phases ,  
(3) e s t i m a t e s  f o r  an E l e c t r o n i c  Countermeasures s tudy  and a 
s i m u l a t o r  n o t  y e t  covered by c o n t r a c t u a l  agreement,  ( 4 )  com- 
p l e t e d  e f f o r t  and e s t i m a t e s  by o t h e r  A i r  Force t e s t  o rgan iza -  
t i o n s  o f  f u t u r e  tes t  suppor t  a c t i v i t y ,  and ( 5 )  r e s e r v e s . '  

The e s t i m a t e  i n c l u d e s  t h e  fo l lowing  major e lements :  

Cost element - Est imate  

. ( m i l l i o n s )  

Weapoc;l system $1,168.8 
Engines 373.1 
Other  211.8 

To ta l  

SAR procurement e s t i m a t e  

$1,753.7 

The June 3 0 ,  1 9 7 2 ,  c u r r e n t  e s t i m a t e  f o r  procurement was c -  ' 
- I  

. .  $6,048.3 m i l l i o n .  This  e s t i m a t e  was based p r i m a r i l y  on (1) 
l e a r n i n g  curve p r o j e c t i o n s  of t h e  i n i t i a l  n e g o t i a t e d  t a r g e t  
p r i c e s  and l a t e r  d a t a  f u r n i s h e d  by t h e  a i r f r a m e  c o n t r a c t o r ,  
( 2 )  n e g o t i a t e d  t a r g e t  p r i c e s  f o r  l o t s  2 and 3 and p l a n n i n g  
e s t i m a t e s  proposed by t h e  engine  c o n t r a c t o r  f o r  l o t s  4 . t o  8 ,  
(3) a p p l i c a t i o n  of f a c t o r s  t o  t h e  a i r  v e h i c l e  and o t h e r  e s t i -  
mates f o r  p e c u l i a r  suppor t  and i n i t i a l  s p a r e s ,  and (4) r e -  
s e r v e s .  2 

~ 

'SPO p r e f e r s  "programmed f o r  e f f o r t  n o t  y e t  on c o n t r a c t . "  

2The A i r  Force uses  t h e  term "p rov i s ions  f o r  e n g i n e e r i n g  
change o r d e r s .  I' 

1 

14 



Major procurement e s t i m a t e  e lements  a r e  as fo l lows .  

Cost element Estimate 

(mi 1 l i o n s  ) 

Airframe $ 2 , 0 7 9 . 8  
E l e c t r o n i c s  ( a v i o n i c s )  1,254.7 ' 

Armament 144.0 
Other  23.5 

3,502.0 

Engines 1 ,439.0 

A i r  v e h i c l e  e s t i m a t e  4 , 9 4 1 . 0  

P e c u l i a r  suppor t  
I n i t i a l  s p a r e s  

591.9 
515.4 

Procurement e s t i m a t e  . 
. as of  6-30-72 , >  $6 -048.3 

Observa t ions  

On t h e  b a s i s  of  p r i c e s  r e n e g o t i a t e d ' f o r  engine  l o t  2 i n  
February 1 9 7 2 ,  i t  appears  t h a t  t h e  SAR engine  e s t ima te 'may  be 
u n d e r s t a t e d .  S ince  c o s t  estimates f o r  s p a r e  eng ines ,  modules, 
and t h e  r e q u i r e d  q u a n t i t i e s  depend on t h i s  e s t i m a t e ,  t h e  
i n i t i a l  s p a r e s  e s t i m a t e  may a l s o  b e  unde r s t a t ed .  

We b e l i e v e  the,SPO s h o u l d  reevaluate the estimates for 
e n g i n e s ,  i n i t i a l  s p a r e  eng ines ,  and module requi rements .  The 
$14.5  m i l l i o n  procurement r e s e r v e  inc luded  i n  t h e  engine  e s t i -  
mate does n o t  appear  adequate .  

1 A s  of  June  30, 1 9 7 2 ,  t h e  t o t a l  RDTGE e s t i m a t e  was 
$1,753.7 m i l l i o n  and t h e  procurement e s t i m a t e  was $6,048.3 m i l -  
l i o n .  The remaining a v a i l a b l e  r e s e r v e s  were $ 5 4 . 3  m i l l i o n  and 

. $ 4 1 7 . 9  m i l l i o n  r e s p e c t i v e l y .  
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CONCLUSIONS 

The v a r i a n c e  i n  t h e  ASD and C A I G  e s t i m a t e s  should  n o t  be 
cons ide red  i n d i c a t i v e  a t  t h i s  time t h a t  any of  t h e  t h r e e  e x i s t -  
i n g  e s t i m a t e s  (SAR, ASD, CAIG) a r e  i n a c c u r a t e .  Pa rame t r i c  
e s t i m a t i n g  i s  an a n a l y t i c a l  t echnique  s u b j e c t  t o  v a r i a n c e s  i n  
f i n d i n g s  because of d i f f e r e n c e s  i n  t h e  type  and source  o f  d a t a ,  
assumptions,  and models employed by d i f - f e ren t  persons  s t u d y i n g  
t h e  same weapon system. A s .  t h e  deve loper  of  t h e  RAND model 
used i n  t h e  ASD a i r f r a m e  e s t i m a t e  c a u t i o n e d - - t h e  c o s t  e s t i m a t -  
i n g  r e l a t i o n s h i p s  a r e  p r i m a r i l y  in t ended  f o r  long-range  p l a n -  
n i n g  s t u d i e s  and a r e  n o t  s u i t a b l e  f o r  s h o r t - r u n  f i n a n c i a l  
management o r  c o n t r o l  o f  a i r f r a m e  procurement.  

DOD u s e  of  independent  c o s t  a n a l y s i s  i s  new, and improve- 
ments i n  i t s  a p p l i c a t i o n s  through exper ience  a r e  necessa ry .  
The S e c r e t a r y  o f  Defense i n  h i s  l e t t e r  e s t a b l i s h i n g  C A I G  
d i r e c t e d  t h a t  S e r v i c e s  and C A I G  work c l o s e l y  t o g e t h e r  i n  
deve loping  uniform c r i t e r i a  f o r  c o s t  e s t i m a t e s .  This  p r a c -  
t i c e  shou ld  be encouraged. 

. I  Review o f  t h e  S e r v i c e s '  and CAIG independent  e s t i m a t e s  
cou ld  be o f  c o n s i d e r a b l e  a s s i s t a n c e  t o  t h e  Congress iona l  Com- 
m i t t e e s  concerned w i t h  a p p r o p r i a t i o n s  f o r  major weapon s y s -  
tems. We recommend t h a t  t h e  Chairman r e q u e s t  t h e  S e c r e t a r y  o f  
o f  Defense p rov ide  t h e  S e r v i c e s '  and C A I G  independent  e s t i -  
mates a s  w e l l  a s  t h e  SAR e s t i m a t e s  t o  t h e  Committees. .The 
Chairman should  a l s o  r e q u e s t  t h a t  t h e  s e r v i c e s  e x p l a i n  d i f -  
f e r e n c e s  i n  t h e s e  e s t i m a t e s  and t h e  reasons  t h e r e f o r .  

P l e a s e  a d v i s e  m e  i f  we can f u r t h e r  a s s i s t  you i n  t h i s  
m a t t e r .  I f  you d e s i r e  f u r t h e r  i n fo rma t ion ,  we w i l l  be p l e a s e d  
t o  meet w i t h  you o r  your s t a f f .  

S i n c e r e l y  your s ,  

Comptrol ler  General  
o f  t h e  United S t a t e s  

1 6  




